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Abstract 
This paper presents speed control of switched reluctance motor (SRM) with torque ripple reduction using direct Instantaneous 
torque control (DITC). The reference values of the instantaneous torque is generated from speed control by PI controller, from 
the comparison between the reference torques and the estimated torque using hysteresis controller in addition to selects different 
turn-off angles so that improve the performance of torque ripple, the latter achieves the switching signals needed for the 
converter to get the desired results. SRM have highly nonlinear for this the static characteristic has been determined using finite 
element method (FEM) under non-linear magnetic characteristics that makes them difficult to control but gives results closer to 
the truth. Results obtained from computer are compared for different turn-off angle which improve the performance the torque 
ripple of SRM. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD). 
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1. Introduction 
The Switched Reluctance machine system has the advantages in mechanically simple, fault tolerant capability, 
low cost and robust structure capable of use in high temperature environments. However, it has some defects as high 
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torque ripple and high acoustic noise level, this is due of the nonlinearities of the magnetic characteristics and the 
doubly salient structure. Therefore, the inherent non-linearity in SRM creates difficulty so there are a range of 
research aimed to improve their performance by means of control and design [1-3]. In order to describe the static 
characteristics of SRM be better to use the finite element method because they are known the most powerful 
methods can be used for take into account all nonlinear properties characteristics in SRM [3-7]. 
There are two methods to have reduced torque ripple, this is whether magnetic design approach or electronic 
control technique.  Magnetic design is based on changing the shape and way of distribution poles but the electronic 
control adopted on some parameters like turn-on and turn-off angle of converter.  
Many advanced control methods have been proposed in order to address torque ripple [8–13] where direct 
instantaneous torque control (DITC) has been successfully used to synchronous motor [14], which has made some 
experts have started to focus on this method applied to SRM and have obtained the certain result in the past few 
years [15]. DITC a hysteresis-type was originally posted in [16] where switching signals were directly generated 
from the comparison results between the reference torque and the estimated torque. 
This paper presents speed control based on DITC of the four-phase 8/6 SRM. The inherent non-linearity in SRM 
identified by FEM which gives satisfactory results in such a situation. Finally, the proposed strategy of control with 
changing the phase turn-off gives better performance of speed and torque ripple in four phase 8/6 SRM.  
2. Static Characteristics 
Several authors head to the application of FEM for studying and modeling of SRM [4, 7] , because it was 
effective for such a case. The static characteristics of inductance and torque for different rotor positions and various 
the excitation current of the SRM are determined numerically by FEM. 
FEM used for solve the non-linear Poisson's equation in 2D magnetostatic distribution to compute the magnetic 
vector potential on complex geometry and with nonlinear magnetic material characteristics. 
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Depending on the result of the magnetic vector potential can access to value of the flux linkage for one phase in 
SRM  
 
 
 
.  
 
 
After finite element discretization with taking into account the machine axial length l, the number of turns per 
phase N, and the area for phase winding S, equation (2) becomes: 
 
 
 
 
 
 
Can be calculated the inductance and magnetic coenergy depending on the flux linkage by the following equations 
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Torque is calculated from the co-energy derivative with respect to  angular position: 
 
 
 
 
 
 
From previous relations can find the important characteristics of SRM in order to reach an accurate model where 
the results of FEM for the flux linkage, the inductance, and static torque as a function of rotor position and current 
are determined and presented. Figure 1, 2 and 3 show characteristics Model of 8/6 SRM over one electric period, 
which are, respectively, inductance, flux linkage and static torque. 
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Fig. 1. flux linkage characteristics as a function of rotor position at different current  
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Fig. 2. inductance characteristics as a function of rotor position at different current  
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Fig. 3. Static torque characteristics as a function of rotor position at different current  
These results demonstrate the extent of the saturation of the machine, such as increase the value of the current as 
it turns out more at large values of the current. The use of previous characteristics makes the model effective and 
closer to the real, depending upon the model can be accessed to robust results from the control. 
3. Model dynamic of SRM drive 
Many techniques used for the dynamic model of SRM based on different characteristics of the data stored in the 
lookup tables [17-20]. Depending of the precedent section (static characteristics) can be defined a dynamic 
mathematical model which known the machine in case of movement. SRM 8/6 has coils placed around the stator 
poles which contain four phases independent represent the fixed part of the machine.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. block diagram of one phase nonlinear dynamic model of SRM 
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Fig. 5. dynamic model of 4 phases SRM 
 
 
 
 
Electrical equations system for each phase is well known by relationship between the current and voltage of winding 
is as follows: 
dt
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Where Rs is the resistance per phase and j class phase. So 
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And the mechanical equation is given by, 
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Where ω is the rotor speed, B is the friction coefficient J is moment of inertia, TL is the load torque, T is the 
electromagnetic torque and Tej denotes the torque generated by the jth phase.  
The schematic nonlinear dynamic of one phase SRM is presented in Figure 4, this model based on technique a look-
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up table to obtain non-linear performance. 
Figure 5 shows dynamic model of 4 phases SRM by integrated previous model, the proposed dynamic model allows 
estimating phase current then phase torque down to the mechanical part by using lookup table from the static 
characteristics, the total torque is calculated from the sum of torque produced from each phase, the single phase 
torque is determined using static torque characteristics (see Figure 3) that are stored in lookup tables for retrieval of 
data, by which they can get a complete model allows access to simulations closer to the real model. 
4. Proposed Control
Multiple authors worked on technique called DITC [13,15-18] but rarely find who cares of the variation of speed 
and the importance of the changing the phase turn-off (θoff) angle on the performance of the torque ripples. 
The proposed control as shown in Figure 6 consists of: the speed control loop by PI controller and DITC , The PI 
controller needs a difference between rotor speed and reference speed in order to give the reference torque  T* , this 
reference value must be achieved from sum of all the individual phase torques to get the reference speed, here comes 
the role of DITC. 
DITC is an effective method of close loop torque control of SRM relies on torque hysteresis controller, which 
generates the switching signals for activate each phase in SRM converter depending on the rotor position, the 
hysteresis controller receives the error between the reference torque T* and estimated instantaneous torque Te in 
order to identifies the switching signals of turn-on and turn-off angle of SRM converter , it is also worth noting that 
the signals generated from case to case always be confined within hysteresis band limit. 
The use of this method allows to reduce a torque ripple based on the given hysteresis controller for the torque of 
each phase to obtain constant total torque. 
Fig. 6. control diagram of direct instantaneous torque control with speed control. 
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The converter used in this proposed control is asymmetric converter which is reliable performance with SRM 
drives, because it is advisable to presence of unidirectional current in SRM, this is what distinguishes asymmetric 
converter. On the other hand the conventional bridge converters can’t use in switched reluctance machine because 
the current can be a bidirectional. In this converter there are three cases of voltage level as (+1 Vdc, 0 Vdc, -1 Vdc). In 
the first case +1 Vdc is obtained when K1 and K2 switched ON and for  0 Vdc must be each power switch (K1 and 
K2) OFF, as for -1 Vdc sufficient either the K1 or K2 switched ON, this case is outcome of discharged winding with 
the assistance of a freewheeling diode. 
5. Results And Discussion
Performance of proposed control in terms of speed control and minimizing torque ripples of 4 phases 8/6 SRM is 
achieved by help of computer simulation in MATLAB software.  
This control, it was adopted on the total torque where the surveillance has been developed on each phase 
separately, after commenting on the results accessible to the effectiveness of this method. 
Know that during commutation the total torque rises above the outer hysteresis band T > T*+∆H, the outgoing 
converter automatically be -1 Vdc but for T < T*+∆H it will be +1 Vdc, also when the angle is greater than turn-off 
angle, the value of the supply voltages will be fixed at -1 Vdc to become the current zero, this happens in every phase 
on its own. Figure 4 shows power supply voltages for one phase and current waveform for the four phases, where 
describes the some extent about the way to change the value of the voltages before and after turn-off angle (θoff) in 
the case of (θoff=25°). 
Figure 7 shows simulation results of torque control and speed responses obtained by using DTIC with turn-off 
angle 25°, where speed response was good, also best torque ripples when the speed equal to 1000 rpm, but when 
speed has become 1500 rpm the value of torque ripples is large . So the increase of speed has a significant impact on 
the torque ripples. 
After selecting a set of points for turn-off angle (θoff) to investigate the effect on the torque ripples as is shown in 
Figure 6, where it was for (θoff =20°, 23°) with speed equal to 1000 rpm it gives a best torque ripples but for 1500 
rpm was batter at (θoff =20°). 
Also for (θoff =18°) the ripple was moderate for different speeds and the opposite at the point (θoff =15°) it was a 
very poor performance, however always for all cases, the speed response was good . 
Fig. 7.power supply voltages for one phase and current waveform for the four phases 
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Fig. 8.simulation results of torque control and speed responses obtained by using DTIC with turn-off angle 25° 
Fig. 9.simulation results of torque control obtained by using DTIC with different turn-off angle 
Performance of proposed control in terms of speed control and minimizing torque ripples of 4 phase 8/6 SRM is 
achieved by help of computer simulation in MATLAB software. 
This control, it was adopted on the total torque where the surveillance has been developed on each phase 
separately, after commenting on the results accessible to the effectiveness of this method.
Know that during commutation the total torque rises above the outer hysteresis band T > T*+∆H, the outgoing 
converter automatically be -1 Vdc but for T < T*+∆H it will be +1 Vdc, also when the angle is greater than turn-off 
angle, the value of the supply voltages will be fixed at -1 Vdc to become the current zero, this happens in every phase 
on its own. Figure 4 shows power supply voltages for one phase and current waveform for the four phases, where 
describes the some extent about the way to change the value of the voltages before and after turn-off angle (θoff) in 
the case of (θoff=25°).
Figure 8 shows simulation results of torque control and speed responses obtained by using DTIC with turn-off 
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speed has become 1500 rpm the value of torque ripples is large . So the increase of speed has a significant impact on 
the torque ripples. 
After selecting a set of points for turn-off angle (θoff) to investigate the effect on the torque ripples as is shown in 
Figure 9, where it was for (θoff =20°, 23°) with speed equal to 1000 rpm it gives a best torque ripples but for 1500 
rpm was batter at (θoff =20°).  
Also for (θoff =18°) the ripple was moderate for different speeds and the opposite at the point (θoff =15°) it was a 
very poor performance, however always for all cases, the speed response was good. 
6. Conclusion
This paper gives speed control with torque ripple reduction by DITC for 8/6 SRM. The model dynamic presented
of 8/6 SRM is based on static characteristics which have been calculated by FEM where this method is powerful and 
highly reliable, especially in the case of highly non-linear. The proposed control used PI controller and DITC in 
order to speed control and minimized torque ripple. The results obtained are excellent for the speed response and the 
torque ripples, this control has enabled access to a wide range of speed change, as for the torque ripples, it was a 
different result in a set of points for turn-off angles (θoff), that has enabled to gives a best torque ripples in different 
speed. 
Appendix
Dimensional model of the machine is given in Table 1 [21]
Table 1. dimensions of the 8/6 SRM
Number of stator poles Ns
Number of rotor poles Nr
Lamination outer radius (mm)
Stator yoke inner radius (mm)
Stator bore radius (mm)
Rotor outer radius (mm)
Rotor yoke outer radius (mm)
Rotor yoke inner radius (mm)
The pole arc of stator (Deg)
The pole arc of rotor (Deg)
Length of stator laminations (mm)
Number of turns per Phase N
8
6
89.8
78.4
48.18
47.82
30.3
15
20.2
22.5
151
176
Material property
Mass density of copper 8900 (Kg/m3)
Mass density of laminations 7800 (Kg/m3)
References
[1] D.H. LEE., T.N. KIM., J.W. AHN.  A performance comparison of excitation strategies for a low-noise SRM driving. J. Power Electron, 
July 2005; 5(3): pp. 218–223. 
[2] M. TJE. Switched reluctance motors and their control. Oxford: Oxford University Press; 1993. 
 Chouaib Labiod et al. /  Energy Procedia  74 ( 2015 )  112 – 121 121
[3] K. OHYAMA, M. NAGUIB, F.NASHED, K.Aso, H. Fujii, and H.Uehara. Design using finite element analysis of a switched reluctance 
motor for electric vehicle. J. Power Electron., 2006; 6(2): pp. 163–171.
[4] B. Parreira, S. Rafael, A. J. Pires, and P. J. Costa Branco. Obtaining the Magnetic Characteristics of an 8/6 Switched Reluctance Machine: 
From FEM Analysis to the Experimental Tests. IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, DEC 2005; 52(6): pp. 1635-
1643.
[5] C. Labiod, M. Bahri,  K. Srairi, B. Mahdad, M. T. Benchouia and M. E. H. Benbouzid. Static and dynamic analysis of non-linear magnetic 
characteristics in switched reluctance motors based on circuit-coupled time stepping finite element method. Int J Syst Assur Eng Manag, 
Sept  2014,  doi: 10.1007/s13198-014-0294-6.
[6] P. J. Costa Branco. Influence of magnetic nonlinearities on simulation accuracy of switched reluctance motor models. in Systems and 
Control: Theory and Applications. Danvers, MA: World Scientific Eng. Soc. Press; 2000. pp. 403–408.
[7] S. F. Ghousia and N. Kar. Performance analysis of an 8/6 switched reluctance machine using finite-element method.  IEEE , Power 
Engineering Society General Meeting, June 24-28 2007.p.1-7. 
[8] F. Daldaban, N. Ustkoyuncu. Multi-layer switched reluctance motor to reduce torque ripple.  Energy Convers Manage, May 2008; 49(5):.
974-979.
[9] C. Labiod, K. Srairi, B. Mahdad. Control method with distribution of phases windings for switched reluctance motor. JEE Romania, Juin 
2014; 14(2):239-244.
[10] I. HUSAIN. Minimization of torque ripple in SRM drives. IEEE Trans. Ind. Electron; 2002; 49(1). 28–39. 
[11] J.W.AHN, S.J.PARK, D.H. LEE. Hybrid excitation of SRM for reduction of vibration and acoustic noise.  IEEE Trans. Ind. Electron, 2004;
52(2):374–380. 
[12] P. Srinivas and P. V. N. Prasad. Torque Ripple Minimization of 4 Phase 8/6 Switched Reluctance Motor Drive with Direct Instantaneous 
Torque Control.  International Journal on Electrical Engineering and Informatics, 2011; 3(4):488-497. 
[13] C. Moron , A.Garcia , E. Tremps , and J. A. Somolinos. Torque Control of Switched Reluctance Motors. IEEE TRANSACTIONS ON 
MAGNETICS, 2012; 48(4): 1661 - 1664. 
[14]  S. K. Chung, H. S. Kim, C. G. Kim, and M. J. Youn. A New Instantaneous Torque Control of PM Synchronous Motor for High-
Performance Direct-Drive Applications. IEEE TRANSACTIONS ON POWER ELECTRONICS, 1998; 13(3): 388 - 400. 
[15] J. Liang, D.-H. Lee, J.-W. Ahn. Direct instantaneous torque control of switched reluctance machines using 4-level converters. IET Electric 
Power Applications, 2009; 3(4): 313 - 323. 
[16] R. B. Inderka and R. W. A. A. De Doncker. DITC—Direct Instantaneous Torque Control of Switched Reluctance Drives. IEEE 
TRANSACTIONS ON INDUSTRY APPLICATIONS, 2003; 39(4): 1046 - 1051. 
[17] P. Chancharoensook. Direct Instantaneous Torque Control of a Four-Phase Switched Reluctance Motor.  International Conference on Power 
Electronics and Drive Systems (PEDS);  Nov 2-5 2009.  p.770 - 777. 
[18] N. H. Fuengwarodsakul, M. Menne, R. B. Inderka and R. W. DeDoncker. High-Dynamic Four-Quadrant Switched Reluctance Drive Based 
on DITC. IEEE Trans Ind Appl. 2005;  41(5):1232-1242.
[19] J. Corda, S. Masic, and J. M. Stephenson. Computation and experimental determination of running torque waveforms in switched-
reluctance motors. IEE Proceedings-B, 2003; 140(6): 387-392.  
[20] D. Wen, L. Deliang and C. Zhuping. Dynamic Model and Simulation for a 6/4 Switched Reluctance Machine System Assisted by Maxwell 
SPICE and Simplorer. Proceedings of the 2007 IEEE, International Conference on Mechatronics and Automation, Harbin, China ; August 
5-8 2007, p. 1699 - 1704
[21] J. Faiz, B. Ganji, R. W. De Doncker and J. O. Fiedler. Electromagnetic Modeling of Switched Reluctance Motor Using Finite Element 
Method. IEEE 32nd Annual Conference on Industrial Electronics (IECON) ; Nov 6-10 2006. p.1557-1562.
